Objective: The aim of this experimental study was to assess the effect of erythropoietin on a rat model, particularly under a renal ischemia reperfusion protocol. The beneficial or lack of effects of that molecule on the excreted renal product of serum uric acid were studied biochemically.
Introduction
Tissue ischemia and reperfusion (IR) remains one of the main causes of permanent or transient damage, with serious implications on the surrounding organs and certainly on patients' health. However, even if important pharmaceutical progress has been made in the management of these damages, the use of erythropoietin (Epo) still raises fundamental questions. Which is the action velocity of Epo? How short-term of an action prospect does this molecule have on the tissue or organ of interest? When should Epo be administeredthat is, how soon after the damage? Which is the optimal and most effective dosage? This study has been motivated by numerous studies [1] that have attempted to demonstrate the probable protective effect of Epo in various ischemic tissues in short term usage. All studies used a characteristic substance tissue as the functional index of IR. The dose [2] of the molecule of Epo was 5,000 IU/kg. The aim of the present experimental study was the trial of Epo on a rat animal model and in a renal IR protocol. The benefit or lack thereof of this molecule was studied by measuring the renal excreted product of serum uric acid (SUA). Renal IR injury results from a generalized or localized impairment of oxygen and nutrient delivery to, and waste product removal from, the cells of the kidney. There is a mismatch between the local tissue oxygen supply and the demand and accumulation of the waste products of metabolism, such as uric acid. Because of this imbalance, the tubular epithelial cells undergo injury; if the injury is severe, death by apoptosis and necrosis (acute tubular necrosis) occur, with the organ functional impairment of water and electrolyte homeostasis and reduced excretion of the waste products of the metabolism. Reduced excretion signals the increased presence of these waste products in the serum. Thus, the fluctuations in the measurement of the serum levels of these waste products indirectly reflect what happens at the renal tubules.
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GENERAL UROLOGY The potential for Epo to influence the renal tubules' functions is investigated by SUA measurement.
Material and methods
This experimental study was approved by the scientific committee of Ippokrateion General Hospital, Athens University, and by Veterinary Address of the East Attiki Prefecture. The procedure was laid out by the Exprerimental Research Center of ELPEN Pharmaceuticals Co. Inc. S.A. at Pikermi, Attiki. All of the materials, including consumables, equipment and substances used, were courtesy of S. A. Wistar albino rats spent 7 days in the laboratory before experimentation with easy access to water and food. They were randomly assigned into the following experimental groups, with10 animals in each group, for the period of acute experimentation (that is, after the experiment, animal expiration was ensured upon awakening, and none survived):
1) Ischemia for 45 min followed by reperfusion for 60 min (Group A). 2) Ischemia for 45 min followed by reperfusion for 120 min (Group B). 3) Ischemia for 45 min followed by immediate Epo intravenous (IV) administration and reperfusion for 60 min (Group C). 4) Ischemia for 45 min followed by immediate Epo IV administration and reperfusion for 120 min (Group D).
The selected preparation was Epoetin-α, which is human Epo produced using recombinant DNA technology. This preparation stimulates erythropoiesis and is used to treat anemia, which is commonly associated with chronic renal failure and cancer chemotherapy. Its dosing is controversial, and higher doses are associated with side effects. The experiment was begun by prenarcosis and the animals were submitted into general anesthesia in the animals. Their electrocardiograms and acidometry were continuously monitored, in compliance with internationally accepted guidelines, including the Helsinki Declaration and the guidelines for Good Clinical Practice and Good Laboratory Practice. The inferior aorta was prepared so as its blood supply could be excluded by forceps. After exclusion, the protocol of IR was applied, as described further in the experimental groups. The molecules were administered at the time of reperfusion through the inferior vena cava catheterization, which had been carried out after general anesthesia. The SUA measurement was performed at the 60 min time point of reperfusion for Groups A and C and at the 120 min time point of reperfusion for Groups B and D.
SUA is considered to be a reliable index substance of the renal excretory system with great clinical diagnostic value concerning general metabolism and renal function. Additionally, rat weights could potentially represent a confusing factor, e.g., fatter rats would have higher SUA levels. This suspicion will be investigated, will hopefully not be proved, and then will be rejected. Rats were subjected to general anesthesia by initial intramuscular (IM) administration of 0. 
Statistical analysis
Weight comparisons of each rat group were initially performed with every group from the 3 remaining ones, applying the statistical paired t-test (Table 2) . Any emerging significant difference among the mean SUA values was investigated as to its role in the above mentioned probable significant weight correlations. Also, SUA comparisons were performed by applying a statistical paired t-test, of every SUA group with each of 3 other groups (Table 2) . Furthermore, generalized linear models (glm) were applied with dependent variable set the SUA level and independent variables, the Epo administration or lack thereof, the reperfusion time, and the interaction of the two. Inserting the rats' weights as independent variables at glm, a non-significant relationship resulted with the SUA levels (p=0.0884); therefore, no further investigation was needed.
Results
Concerning the SUA levels, we found the following results. 3) The interaction of Epo administration and reperfusion time non-significantly increased the SUA levels by 0.1 mg/dL [-0.0295564 mg/dL-0.2295564 mg/dL] (p=0.1264). Reviewing the above and Table 2, Table 3 sums up the increasing influence of Epo in connection with reperfusion time.
Discussion
In humans, uric acid is the final oxidation (breakdown) product of purine metabolism and is excreted in urine. Uric acid is released in hypoxic conditions and acts as a strong reducing agent (electron donors) and potent antioxidant. Over half of the antioxidant capacity of blood plasma comes from uric acid. Approximately 70% of the daily SUA disposal occurs via the kidneys, and in humans, impaired (ischemic) renal excretion leads to hyperuricemia. The question addressed in this paper is whether Epo can restore hyperuricemia due to impaired ischemic kidneys and to what extent. Many clinical situations can be used to prove how SUA influences and is influenced by ischemic cases. SUA is a potent [3] antioxidant, the levels of which are rapidly increased after acute ischemic stroke (AIS). The mean SUA concentration in patients with AIS upon hospital arrival was 6.1±3.7 mg/dL. Patients with low SUA concentrations of ≤4.5 mg/dL had more favorable outcomes after a month of follow-up (p=0.004), marking the magnitude of the cerebral infarction. However, significantly higher clinical improvement in AIS patients was found, [4] with high SUA levels at admission. SUA levels showed a positive correlation with clinical improvement (p=0.02) and acted as an independent predictor for favorable stroke outcome (p=0.04) in the thrombolysis group. SUA was increased [5] on day 7 but had decreased to baseline values by day 14 in subjects who ingested 20 gr/day of ribose. After [6] a strenuous IR period, uric acid is taken up by the muscle, acting as the main source of plasma hypoxanthine in the blood. The secreted hypoxanthine is taken up by the liver, where most of it is converted into uric acid. Significantly increased SUA levels were found [7] after 5 min of incomplete rat cerebral IR. The above nervous or liver cases contain opposing elements without any clear impact of ischemia on SUA levels.
Additionally, SUA is a factor influenced by Epo. Is suitable Epo administration able to reverse ischemic renal cases? Advanced stage [8] chronic kidney disease (CKD) IV and V participants had the higher prescription rates of uric acid lowering agents and Epo-stimulating therapies in a usual care group compared to a multidisciplinary one (p=0.01). Elevated [9] SUA experimentally stimulates renal vasoconstriction and Epo production, reducing uric acid clearance. SUA and the quantity of Epo were reduced [10] by low protein diets in patients with CKD. Familial juvenile hyperuricemic [11] nephropathy type 2 (FJHN2) is also characterized by low Epo concentrations and hyperuricemia (SUA >6 mg/dL). The down-regulation [12] of Epo and its receptor released SUA in pigs with atherosclerotic renal artery stenosis. SUA was measured [13] in subjects undergoing 4 months of aerobic training under the use of rhEpo. High-dose Epo and elevated SUA were considered [14] to be aggravating factors for the prognosis of heart failure hemodialysis (HD) patients. Increased oxidative stress (OS) and inflammation but similar SUA were found [15] in maintenance HD patients receiving Epo compared with healthy control subjects. Nephrectomy increased [16] the SUA variably but did not change the Epo levels. Hypertensive renal vascular disease induced [17] or exacerbated the hyperuricemia. HD initiation [18] augmented chronic renal failure (CRF) as a state of oxidant/ antioxidant imbalance. SUA "total antioxidant activity" and the "antioxidant gap" (in mmol/L) were higher in HD patients (p<0.001) than in control patients. However, no differences existed in SUA among uremic HD or not patients. These results suggest that HD patients appear to have hyperuricemia. Angiotensin-converting enzyme inhibitors (ACEIs) are considered [19] to be a potential cause of inadequate Epo response in CKD patients. Valsartan, an angiotensin receptor blocker (ARB) taken at 80 mg/day, reduced Epo levels significantly (p=0.007) but did not change SUA until the 90th day in stage III-IV CKD patients. Pre-HD concentrations of SUA were significantly decreased [20] on alternative HD by 10% (p=0.06) at the end of 6 months of successive standard and alternative HDs under constant rhEpo dose values. Familial benign polycythemia (FBP) is characterized [21] by normal SUA and usually increased Epo production. Epo doses were decreased [22] (p<0.05), but the plasma SUA was kept stable by on-line HD, compared to conventional HD. Significantly higher serum Epo and SUA were found [23] in sickle-cell β-thalassemia (S-β thal) patients than in controls, particularly in patients with GFR <50 mL/min. hrEpo administration [24] to children with uremic anemia increased the SUA in the course of renal failure HD treatments. Over 12 months, r-HuEpo treatment increased [25] SUA significantly (p<0.01) in HD patients. The administration of weekly Epo via IV [26] in HD patients revealed a significant increase of SUA. The possible effect of Epo in metabolically stable HD patients was measured [27] by the changing ratio of postdialysis/predialysis SUA. The treatment of renal anemia with β-epoetin led [28] to increased predialysis SUA values in chronic HD patients.
No correlation was found between Epo and SUA in 9 of the above 21 clinical examples. Epo and SUA were altered positively or negatively in the remaining 12 clinical examples (12.c.e), most of which were long-term. The study's results show a nonsignificant, slight increase in SUA, representing the deterioration of renal function by Epo administration with reperfusion time and their interaction, at least in the short-term context of 2 hours. Kidneys are also the production loci of Epo. Epo administration on ischemic kidneys may have various probable effects, e.g., a probable feedback effect on intrinsic Epo production or a probable faster reoxygenation of the ischemic kidneys. Either situation may aggravate renal function. However, it is considered safer not to draw conclusions based on such non-significant p-values. Instead, it is more meaningful to take note of the (12.c.e) same direction of Epo and SUA alterations. Renal tissue specimens were not predicted to require evaluation; thus, probable differences in the expression of apoptosis, renal function or changes in the emergence of active oxygen or neutrophils became impossible to assess. Unfortunately, the study proceeded only though the evaluation of serum biochemical findings.
Epo administration, reperfusion time, and their interaction have no significant short-term effects on SUA levels. Conclusions cannot be made based on non-significant p-values within the short time period of 2 hours. Obviously, longer study times may affirm the above (12.c.e) experience. Peer-review: Externally peer-reviewed.
